Background Prior to withdrawing the EUS-FNA needle from the lesion, the stopcock of the suction syringe is closed to reduce contamination. Residual negative pressure (RNP) may persist in the needle despite closing the stopcock. Aims To determine whether neutralizing RNP before withdrawing the needle will improve the cytology yield. Methods Bench-top testing was done to confirm the presence of RNP followed by a prospective, randomized, cross-over study on patients with pancreas mass. Ten milliliters of suction was applied to the FNA needle. Before withdrawing the needle from the lesion, the stopcock was closed. Based on randomization, the first pass was done with the stopcock either attached to the needle (S?) or disconnected (S-) to allow air to enter and neutralize RNP and accordingly the second pass was crossed over to S? or S-. On-site cytopathologist was blinded to S?/S-. Results Bench tests confirmed the presence of RNP which was successfully neutralized by disconnecting the syringe (S-) from the needle. Sixty patients were enrolled, 120 samples analyzed. S? samples showed significantly greater GI tract contamination compared to S-samples (16.7 vs. 6.7 %, p = 0.03). Of the 53 patients confirmed to have pancreas adenocarcinoma, FNA using S-approach was positive in 49 (93 %) compared to 40 using the S? approach (76 %, p = 0.02). Conclusions Despite closing the stopcock of the suction syringe, RNP is present in the FNA needle. Neutralizing RNP prior to withdrawing the needle from the target lesion significantly decreased GI tract contamination of the sample thereby improving the FNA cytology yield. Clinical Trials Registration Number NCT01995474. Syringe-on; the suction syringe with its stopcock closed still attached to the needle handle SSyringe-off; the suction syringe with its stopcock closed disconnected from the needle handle -Minus (negative pressure)
Introduction
Endoscopic ultrasound (EUS) with fine needle aspiration (FNA) has evolved into the standard of care for tissue sampling of pancreatic masses and lesions adjacent to and Electronic supplementary material The online version of this article (doi:10.1007/s10620-015-3860-0) contains supplementary material, which is available to authorized users.
within the wall of the gastrointestinal tract [1] . The sensitivity and specificity of cytology obtained by EUS-FNA has been reported to be between 54-95 % and 71-100 %, respectively [2] . This wide range may be partly explained by different techniques in tissue acquisition.
Several factors influence the diagnostic yield of cytology specimens obtained by EUS-FNA. Endosonographer's experience, needle diameter and type, method of aspiration and aspirate expression from the needle, availability of rapid on-site specimen evaluation, and the use of suction have all been reported to have an influence on the cytology yield [3] [4] [5] [6] [7] [8] [9] . The use of suction during FNA of solid pancreas masses has been shown to increase the diagnostic yield, accuracy, sensitivity, and cellularity of the specimen [9] . The speculated role of suction is to hold the tissue against the cutting edge of the needle rather than drawing cells into the needle [10] . However, negative suction may also facilitate the acquisition of epithelial cells from the GI tract when the needle is withdrawn out of the target lesion into its outer sheath. Recognition of GI tract contamination in the aspirate is important to avoid misinterpretation of cytology specimens. To reduce the possibility of suctionrelated contamination, the stopcock of the suction syringe is closed prior to withdrawing the needle out of the target lesion. Despite this approach, a study on EUS-FNA of solid pancreas lesions revealed that up to 64 % of specimens were contaminated with GI tract epithelial cells [11] . GI tract contamination can result in cytology misinterpretation leading to either false-positive or false-negative diagnoses especially in the setting of paucicellular specimens with abundant surrounding GI epithelial cells [12] . False-negative diagnoses or low diagnostic sensitivity has been shown to occur in 4-45 % of solid pancreas mass lesions, while false-positive diagnoses are estimated to occur in 5.3 % of cases [13] [14] [15] [16] .
We hypothesize that negative pressure still persists in the aspirating needle despite closing the suction-syringe stopcock; Residual Negative Pressure (RNP). We propose that the RNP can be neutralized by disconnecting the suction syringe with the stopcock from the needle handle so as to allow air to enter the needle from the handle end thereby equalizing the pressure within the needle to atmospheric pressure. We believe that this maneuver decreases specimen contamination from GI tract cells allowing for improved cytology yield.
The aims of this study were to (1) assess whether RNP exists despite closing the stopcock of the suction syringe and whether it can be neutralized by disconnecting the syringe from the needle, (2) assess whether RNP exists up to the tip of the needle rather than just proximal to the aspirated material, (3) If RNP exists, its influence on the cytology yield.
Methods

Study Design
This study comprised of two components; a) bench-top testing and b) a prospective, single-blinded, randomized, cross-over pilot study on patients with solid pancreas masses. The study was conducted at one tertiary-care medical center and was approved by the Medical College of Wisconsin Institutional Review Board. All patients signed a written informed consent.
In order to test the hypothesis that residual negative pressure (RNP) persists in the aspirating needle despite closing the stopcock of the suction syringe, a vacuum gauge with luer lock connection was connected to the suction syringe on the third port of a 3-way stopcock in series with a 22G FNA needle (Fig. 1) . The gauge pressure was calibrated to read 0 00 Hg for atmospheric pressure. The EUS needle was inserted into an ex vivo chicken piece (breast) thawed to room temperature (simulating a target lesion). Suction was applied using a syringe, and the needle tip was moved back and forth in the simulated target lesion (Video A). Before withdrawing the needle tip from the simulated target lesion, pressure measurements were obtained with (1) suction stopcock open (Video A; Fig. 1a , stopcock open); (2) suction stopcock closed but syringe still attached to the needle (Video A; Syringe-on: S?; Figs. 1b, 2a); and (3) after disconnecting syringe with the stopcock from the needle handle (Video A; Syringe-off: S-; Fig. 2b ) to allow air to enter the needle form its handle end. To demonstrate that the RNP exists up to the tip of the needle rather than limited to the needle space proximal to the aspirated material, the needle was first flushed clean and the needle tip then re-inserted into the chicken piece. Suction was applied and the needle tip moved back and forth. The stopcock was then closed and recorded negative pressure noted (Video B; S? scenario; Fig. 3a) . With the syringe still attached to the needle handle but stopcock closed, the needle tip was withdrawn from the chicken piece (Video B; Fig. 3b ) and the neutralization of the negative pressure (namely, air entering the needle from its tip-end was recorded; Video B). To determine consistency of the findings, bench-top testing was done three times each.
(B) Patients
Patients with solid mass lesions identified on imaging studies (CT/MRI scans) and/or on EUS were prospectively enrolled over an 18-month period at one tertiary-care Dig Dis Sci (2016) 61:890-899 891 center. Inclusion criteria were age over 18 years, able to give informed written consent, stable to undergo EUS, mass seen on imaging studies (CT/MRI scan) or those with biliary obstruction without a distinct mass on CT/MRI but a mass seen on EUS. In the latter group, pre-procedure consent was taken and randomization was done during the procedure if a mass was discovered during EUS. Exclusion criteria included coagulopathy (one patient), inability to safely perform endoscopy/FNA (one patient with gastric outlet obstruction and food in stomach), and patient's b Disconnecting syringe with the stopcock from the needle handle (Syringe-off: S-) neutralized the RNP by allowing air to enter the needle form its handle end and the pressure reverted to 0 00 Hg refusal to participate in the study (two patients worried about added risks of a second pass). Patients with a pancreas mass and metastatic disease seen on CT/MRI scan were not excluded as EUS-FNA of the pancreas mass was indicated to obtain tissue diagnosis. Patients with pancreas cysts without solid components were excluded.
EUS-FNA Procedure
All procedures were performed by three experienced endosonographers (KSD, YO, AK). The curvilinear array echoendoscope (GF-UC140P or GF-UCT140, Olympus America, Center Valley, PA) was used. For easier intubation of the duodenum, all EUS procedures were performed with patients in the left-lateral position under conscious sedation or under monitored anesthesia care. In patients with biliary obstruction, patients were then turned to the prone position for ERCP following EUS-FNA. Once the lesion of interest was identified, FNA was performed using a 22G needle (Echotip, Cook Medical, Winston-Salem, NC) using standard techniques as described below. The needle assembly was passed through the accessory channel of the echoendoscope. After withdrawing the blunt-tip stylet a few mms into the needle, the sharp needle tip was advanced into the target lesion under ultrasound guidance. The stylet was then pushed forwards to remove any tissue that may have entered the needle tip while advancing the needle into the target lesion through the GI tract wall. Following this, the stylet was removed and a syringe with suction (10 mL, stopcock closed) was attached to the needle handle. The stopcock was opened and six back and forth passes were made making sure that the needle tip remained within the mass during these movements. Before the needle was withdrawn from the target lesion, the stopcock was closed. The suction syringe was then either left attached to the needle handle (Syringeon: S?) or disconnected from the needle (Syringe-off: S-) according to study randomization (Fig. 4) . The needle was then withdrawn from the target lesion.
Randomization
Patients were randomized to one of two arms, ''Syringeon'' or ''Syringe-off.'' Randomization was performed by a computerized binary random number generator. The order of EUS-FNA technique was determined using an opaque sealed envelope. Labels were printed with either ''Syringeon'' or ''Syringe-off,'' and one label was pulled from the opaque sealed envelope by the endosonographer following patient enrollment into the study. The first pass was performed as indicated by the label, and the second pass was crossed over to the alternative method. The numbers of back-and-forth movement within the lesion were same for both the passes (six). As per our protocol, only the first two passes per patient were used for S? or S-randomization to determine whether either S? or S-was superior or both were inadequate. Once the diagnosis of malignancy was made by the on-site pathologist, additional passes were made to obtain more cells for molecular profiling using either S? or S-technique based on which of the two approaches led to the diagnosis to begin with. Additional passes (frequently with a different or a tru-cut needle) were also made if both the first 2 passes (S? and S-) were nondiagnostic.
Cytopathology Assessment
An on-site cytopathologist (VS, AR, BH) was present outside the procedure room for all cases and was blinded to the S? or the S-status of the suction syringe. Once a needle pass was completed, the sample was expressed onto a glass slide by reinserting the stylet into the needle. Smears were prepared by a cytopathology technician under the supervision of the cytopathologist. One slide was air dried and prepared with Diff-Quik stain for on-site analysis. The second slide was fixed in alcohol solution to be stained later with Papanicolaou stain. The cytopathologist looked at the stained slide onsite. The whole slide was examined. Contamination with gastrointestinal cells (duodenal or gastric depending on the approach used to FNA the pancreatic mass) in relation to total cellularity was recorded as percentage in quartiles (\25, 25-50, 50-75, [75 %). Cellular adequacy was defined as presence or absence of lesional cells on the slide irrespective of the contamination based on which a diagnosis could be (adequate) or could not be (inadequate) made. Based on the characteristics of the lesional cell and with additional staining in the cytopathology laboratory, a final diagnosis was made: adenocarcinoma, metastatic malignancy, neuroendocrine tumor, benign cell, or nondiagnostic. For masses suspected to be metastatic lesions in the pancreas, the cytopathologist also reviewed the slides of the primary tumor to look for similarities. Diagnosis for malignancy was confirmed by surgical pathology of resected specimens serving as a gold standard in patients in whom surgery was performed. In those in whom surgery was not done (disease progression including metastasis during neoadjuvant therapy), final cytology report on the FNA sample or biopsy of the metastatic lesion was used as confirmation of malignancy. In patients on whom surgery was not performed and the final FNA analysis was also negative for cancer, clinical and radiological imaging study follow-ups over a minimum of at least 12 months was used as a reference.
Study Outcomes and Statistics
The primary endpoint assessed was GI tract contamination. Secondary outcomes were cellular adequacy and diagnostic yield of malignancy. Results for continuous variables are expressed by using mean ± standard deviation. Frequencies and percentages were calculated for categorical variables. Wilcoxon signed-rank test was used to compare paired data (S? and S-samples obtained from each patient). Generalized estimating equation (GEE) regression modeling was used to account for clustering of observations within patients and to compare outcomes between S? and S-groups. p value \0.05 was considered significant. All statistical analyses were conducted using SAS version 
Sample Size
Due to the lack of data systematically looking at the prevalence of GI tract contamination during EUS-FNA, we decided a priori to enroll 30 patients and perform an interim analysis once our institutional data GI tract contamination was available. After interim analysis of data on 30 patients (60 FNA samples), we determined a sample size of 60 patients and 120 samples would be necessary to detect an absolute difference in GI contamination of 10 % between S? and S-groups with 80 % power and a critical t of 1.98. The institutional review board gave permission to prospectively enroll the additional 30 patients after we had prospectively enrolled the first 30 patients.
Results
Bench-Top Testing (Video)
Suction was applied to a 22-gauge FNA needle with the needle tip inserted into a simulated target lesion (chicken thigh piece). The pressures (mean ± SD) recorded with the stopcock open using 5 and 10 mL aspiration suctions in the syringe were minus (-) 17.5 0 ± 0.5 00 Hg and minus (-) 21.0 ± 0.5 00 Hg, respectively (Table 1) . With the needle tip still within the simulated target lesion, when the stopcock was closed and the syringe was still attached to the needle (Syringe-on, S?), the pressures continued to stay at -17.5 0 ± 0.5 00 Hg and -21.0 ± 0.5 00 Hg for the 5 and the 10 mL syringes suctions respectively (Table 1; Fig. 3 ). With the FNA needle tip still within the simulated target lesion, once the stopcock with the suction syringe was disconnected from the needle (Syringe-off, S-), the pressure immediately returned to 0 00 Hg as recorded on the pressure gauge secondary to air entering the needle from its handle end (Video A).
After cleaning the needle by flushing it with water and re-inserting the stylet, the Syringe-On scenario was repeated (stopcock closed, 10 mL aspiration suction syringe still attached to the needle and the needle tip inserted into the simulated target lesion). The stopcock was then opened. Again a -21 00 Hg pressure was recorded on the pressure gauge. The stopcock was then closed (still -21 00 Hg) and rather than disconnecting the syringe, this time the needle tip was withdrawn from the simulated target. By doing so, the pressure swiftly, reverted to 0 00 Hg, thereby suggesting that air entered into the needle from its tip-end implying that the RNP exists up to the tip of the needle (Video B) and not just limited to the needle compartment proximal to the aspirated material (Table 1 ).
Patients
Sixty-three patients with solid pancreas mass lesions were considered for the study (Fig. 4) . Two patients were not willing to participate and one additional patient (uncinatedhead pancreas mass) was excluded secondary to gastric outlet obstruction with food in the stomach. A total of 60 patients (32 men, 28 women; median age 69, range 39-88, mean [±SD] age 68.3 ± 11 years) were prospectively enrolled ( Table 2) .
First two passes (as per randomization, first pass S? or S-and the second pass the reverse of the first pass, Fig. 4 ) in each patient (a total of 120 samples) were analyzed for study purposes. In 40 patients (67 %), the lesion was located in the head of the pancreas. Fine needle aspiration was performed by the trans-duodenal approach in these patients. The trans-gastric approach was used in the remaining 20 of 60 (33 %) patients. At the discretion of the endosonographer, a 22 gauge needle was used in 56 of 60 (93.3 %) patients, while 25 gauge and 19 gauge needles were used in 3 (5 %) and 1 (1.7 %) patient, respectively. EUS-FNA was technically successful in all patients.
In this cohort of 60 patients, 53 (88.3 %) patients were diagnosed (FNA or surgery) to have pancreas adenocarcinoma. In the remaining patients, 3 (5 %), had metastatic lesions in the pancreas, 1 (1.7 %) had a neuroendocrine 
Cytopathology
Contamination with GI epithelial cells was identified in 14 of 120 (11.7 %) specimens (Table 3 ). S? samples had significantly higher rates of contamination, compared to Ssamples, (16.7 vs. 6.7 %, p = 0.03). Only one S-sample contained [50 % contamination compared to 6 S? samples (p = 0.025). Overall cellularity was reported as adequate in 84 of 120 (70 %) samples with a trend toward greater adequate cellularity observed when the RNP was neutralized by disconnecting the syringe (S-group); (S-76.7% vs. S? 63.3 %, p = 0.10). Of the 53 patients eventually confirmed to have pancreas adenocarcinoma, FNA using S-approach was positive in 49 (92.5 %) compared to 40 using the S? approach (75.5 %, p = 0.02) ( Table 4) .
Adverse Events
There were no complications related to the EUS-FNA procedure in this study. Additionally, there were no reports of needle or syringe malfunction.
Discussion
The ideal method to ensure optimal tissue acquisition during EUS-FNA has not yet been established. Although many endosonographers are not applying suction during tissue acquisition, studies published to date have not yet reached a consistent conclusion or consensus on the use of suction. Some randomized controlled trials have shown that suction did not improve diagnostic yield; however, the majority of mass lesions in these studies were lymph nodes and therefore these results may not be applicable to solid pancreas masses [8, 17, 18] . Bang and colleagues reported high diagnostic yield using FNA needle without suction, while others have shown that the slow-pull or ''capillary suction'' technique by slowly withdrawing the needle stylet while obtaining samples resulted in a higher yield [19, 20] . Lee et al performed a randomized controlled trial on 81 patients with solid pancreas masses comparing cytologic features as well as diagnostic yield in samples obtained with and without suction [9] . Samples obtained with the use of 10 mL suction had higher diagnostic yield (72.8 vs. 58.6 %, p = 0.001), cellularity (OR 2.12, 95 % CI 1.3-3.3, p \ 0.001), and also greater accuracy (82.4 vs. 72.1 %, p \ 0.001) compared to samples obtained without suction. In a guideline review published by the European Society of Gastrointestinal Endoscopy, the use of suction was recommended during FNA of solid masses, but no suction was recommended for FNA of lymph nodes [21] . Additionally, the recently published ASGE technical review recommends considering the use of suction during FNA of pancreas mass lesions based on level 1 evidence. [22] . Based on our results, we believe that FNA with suction also allows acquisition of cells into the lumen of the needle rather than just its tip. For example, although not subject of this study, besides the first drop of the specimen (material from the tip) smeared on the slide showing cancer, the rest of the material squirted into the RPMI solution for cytoblock (material in the lumen of the needle) also showed cancer cells. Negative pressure in the FNA needle could potentially result in ''contamination'' of the FNA sample by nontarget material like from the GI tract wall when the needle is being withdrawn from the lesion. To reduce the likelihood of contamination, traditionally the suction-syringe stopcock is closed before the needle is withdrawn from the target lesion on the assumption that by doing so, the needle no longer has negative pressure within its lumen. In this study we showed that this assumption is wrong. We hypothesized that residual negative pressure (RNP) persists in the needle despite closing the stopcock and that this negative pressure extends up to the tip of the needle rather than being limited to the needle space proximal to the aspirated material. Our bench-top testing results confirmed this to be true. Therefore, our results demonstrate that negative pressure induced by suction extends throughout the length of the needle allowing the acquisition of cells throughout the needle shaft. Residual suction within the needle shaft can decrease initial cytology yield as lesional cells could move higher into the needle shaft and less likely to appear on an the initial slide. This could have an impact the on-site diagnosis, the number of passes made, and clinical decisions such as whether to proceed with ERCP with metal stent placement. We hypothesized that neutralizing RNP decreases GI tract contamination thus avoiding misinterpretation of cytology specimens. This could improve the diagnostic yield of the sample obtained and thereby reduce the number of passes required to make a diagnosis and enhance the safety of the procedure. However, whether this residual negative pressure is just an epiphenomenon or it truly adversely affects the cytology yield outcome was not known. Hence as a second part to our evaluation, we performed a prospective, singleblind, cross-over study on patients with solid pancreas mass lesions suspicious for cancer. Our results demonstrated that samples obtained using our modified suction technique by removing the stopcock with the syringe from the aspirating needle once tissue acquisition was completed (S-) and prior to withdrawing the needle out of the target lesion resulted in decreased GI contamination along with greater diagnostic yield. As shown in our bench-top study, by disconnecting the stopcock with the syringe, air enters the needle from its handle end and neutralizes any residual negative pressure within the needle. We believe this resulted in less contamination of the aspirated cells from the target lesion as was shown by our on-site cytopathologist who was blinded to the method of aspiration. The rate of GI tract cell contamination in a study done by Rastogi et al. [23] on 472 EUS-FNA samples was 16 %, while Kudo et al. [24] reported contamination in 13 % of samples utilizing standard suction technique. In comparison, we found a significant reduction in GI tract contamination once RNP was neutralized (6.7 vs. 16.7 % in control samples). We utilized rapid on-site cytopathology evaluation, which likely explains our excellent rates of diagnostic cytology yield, similar to multiple studies that have demonstrated higher yield with the use of on-site cytopathology [6, [25] [26] [27] .
There are some limitations to this study. We did not perform an intra/inter-observer agreement analysis among our cytopathologists. A single cytopathologist scoring all slides would have been ideal but secondary to the great demands on our cytopathology service, this was not possible. However, among all our cytopathologists, we selected only three senior faculty members with several years of experience. Moreover, each pair of slides (S? and S-) on the same patient was scored by the same cytopathologist. Another limitation of this study is that the 22G FNA needle was used in majority of the patients as has been the routine clinical practice at this center. Hence we did our bench studies using the 22G FNA needle. However, although a recent technical review on EUS tissue acquisition acknowledged the use of a 25G needle was associated with higher diagnostic yield, the quality of evidence for this recommendation was moderate, and the strength of recommendation was weak [22] . In this study we did not evaluate additional passes beyond the first two (crossed over passes after initial randomization). Our study design required paired samples, and our clinical practice has been to obtain a minimum of two FNA passes and conclude the procedure once the cytopathologist has indicated that the cells unequivocally demonstrate malignancy. Additional passes besides the first two were primarily made to obtain more cells for molecular profiling. At our institution, immediate on-site diagnosis is also important since all patients with resectable pancreas cancer receive neoadjuvant chemoradiation for 3-4 months and hence, for durable biliary drainage, require a short self-expandable metal stent placed immediately after the EUS if the FNA is positive for cancer. This not only expedites treatment but also saves the patient from having two procedures done on different days. Since tissue diagnosis is essential for neoadjuvant therapy, we performed EUS-FNA even on those with a high preprocedure probability of pancreas cancer (for example, elderly patient with weight loss, jaundice, mass on CT scan, high CA19-9). This could have biased our results toward a high malignancy-positive FNA cytology and may limit the broad application of our results to practice patterns in other medical communities.
In conclusion, following back-and-forth movement of the FNA needle in the pancreatic mass, despite closing the stopcock of the suction syringe before withdrawing the needle from the target lesion, residual negative pressure persists in the FNA needle. This negative pressure extends up to the tip of the needle and can adversely affect the cytology yield of the aspirated material. Eliminating the residual negative pressure by allowing air to enter the needle by disconnecting the syringe from its handle end decreased GI tract contamination and improved the diagnostic yield of the aspirated material. Further randomized controlled trials comparing this method to standard suction as well as to no suction are recommended.
